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,QWURGXFWLRQ
6HZHUQHWZRUNVIRUUDLQZDWHUDQGGRPHVWLFVHZDJHDUHLQWHJUDOSDUWVRIXUEDQLQIUDVWUXFWXUH5HJDUGLQJUDLQZDWHU
WKHLUDLPLVWRWUDQVIHULWTXLFNO\DQGVDIHO\WRVHZDJHWUHDWPHQWIDFLOLWLHVRULQFDVHVRIKHDY\UDLQPDLQO\WRVXUIDFH
ZDWHUERGLHVGLUHFWO\(YHQLQGHYHORSHGFRXQWULHVWKRXJKWKHVHQHWZRUNVPD\IDLOWRSURWHFWIXOO\DOOSDUWVRIXUEDQ
DUHDVGXULQJKHDY\UDLQHYHQWV,QVXFKFDVHVZDWHUDFFXPXODWLQJRQVWUHHWVXUIDFHVDQGVLGHZDONVUHQGHUVWKHLUXVH
E\SHGHVWULDQVDFKDOOHQJLQJWDVNDQGFDUGULYLQJXQVDIH,QWKHZRUVWFDVHVVKRSVDQGKRXVHVLQSDUWLFXODUKRXVH
EDVHPHQWVDUHLQXQGDWHGDQGHYHQKXPDQOLYHVDUHH[SRVHGWRGDQJHU
6ROXWLRQVWRKDQGOHVXFKSUREOHPVFRXOGEHVRXJKWLQWKHIUDPHZRUNRILQWHJUDWHGUDLQZDWHUPDQDJHPHQWZKLFK
FRPELQHVVHZHUQHWZRUNVZLWKORZLPSDFWWHFKQLTXHVVXFKDVUDLQJDUGHQVDQGJUHHQURRIV7KHVHVROXWLRQVZKLFK
DUHDGYDQWDJHRXVIURPWKHHQYLURQPHQWDOSRLQWRIYLHZPLJKWDOVRSURYHPRUHFRVWHIILFLHQW WKDQVHZHUQHWZRUN
XSJUDGLQJ
,QWKLVSDSHUDSSOLFDWLRQRIUDLQJDUGHQVLQDQHLJKERXUKRRGRI7KHVVDORQLNLWKHVHFRQGODUJHVWFLW\LQ*UHHFHLV
GLVFXVVHG
%ULHIGHVFULSWLRQRIUDLQJDUGHQV
5DLQJDUGHQVDUHWKHPRVWLPSRUWDQWPHWKRGRIHFRORJLFDOUDLQZDWHUPDQDJHPHQWIRUXUEDQDQGVXEXUEDQDUHDV
7KHLUPDLQDVVHWVDUHORZFRQVWUXFWLRQDQGPDLQWHQDQFHFRVWHDV\DGDSWDWLRQWRXUEDQVSDFHDQGKLJKDHVWKHWLFYDOXH
$W\SLFDOUDLQJDUGHQLQFOXGHVDDSRQGLQJDUHDDQGELQIORZDQGRXWIORZVWUXFWXUHVHJ>@>@>@
7KHSRQGLQJDUHD LVDQDWXUDORUDUWLILFLDOJURXQGGHSUHVVLRQFRQVWUXFWHGE\VRLOH[FDYDWLRQZKLFK LQVORSLQJ
JURXQGFDQEHFRPELQHGZLWKEXLOGLQJDQHDUWKEHUPDWWKHGRZQVORSHVLGHXVLQJWKHH[FDYDWLRQPDWHULDO6XUIDFHV
ZLWKODUJHVORSHDUHQRWWKDWVXLWDEOHIRUUDLQJDUGHQFRQVWUXFWLRQ7KHERWWRPRIWKHSRQGLQJDUHDLVXVXDOO\FRYHUHG
E\DPXOFKOD\HUEHIRUHDGGLQJWKHWRSVRLO,IZDWHULQILOWUDWLRQUDWHLQWKHXQGHUO\LQJVWUDWDLVVPDOODJUDYHOOD\HULV
FRQVWUXFWHGRUDSHUIRUDWHGXQGHUGUDLQSLSHLVLQVWDOOHG
,QIORZVWUXFWXUHVDUHXVHGWRFRQYH\UDLQZDWHUIURPGRZQVSRXWVRUDGMDFHQWLPSHUPHDEOHDUHDVVWUHHWVVLGHZDONV
WRWKHSRQGLQJDUHD
)LQDOO\ RYHUIORZ VWUXFWXUHV DOORZZDWHU WR H[LW D UDLQ JDUGHQZKHQ LWV SRQGLQJ DUHD LV IXOO 7KLV VWUXFWXUH LV
QHFHVVDU\LQRUGHUWRUHGXFHHURVLRQULVNDQGWRGLUHFWRXWIORZLQJZDWHUWRZDUGVWKHGHVLUHGSODFHXVXDOO\WKHVHZHU
QHWZRUN
3ODQWVXVXDOO\QDWLYHRQHVWKDWFDQWROHUDWHSHULRGLFLQXQGDWLRQDUHDQLQWHJUDOSDUWRIUDLQJDUGHQVVLQFHWKH\
FRQWULEXWHWRD8SJUDGLQJWKHORFDOXUEDQODQGVFDSHDQGEUHWHQWLRQRIFHUWDLQSROOXWDQWVDQGRIZDWHUTXDQWLWLHV
$FWXDOO\LPSURYHPHQWRIUDLQUXQRIITXDOLW\LVDQLPSRUWDQWDGGLWLRQDODVVHWRIUDLQJDUGHQVHJ>@>@
7KHDUHDRILQWHUHVW
7KHDUHDVWXGLHG LQ WKLVSDSHU LV VKRZQ LQ)LJXUH EDVHGRQ*RRJOHPDSV ,W LVSDUWRI6DUDQWD(NNOLVLHVD
QHLJKERUKRRGFORVHWRWKHFHQWUHRI7KHVVDORQLNLWKHVHFRQGODUJHVWFLW\LQ*UHHFH7KHUHDUHPRUHJUHHQVSDFHVLQ
6DUDQWD(NNOLVLHVFRPSDUHGWRWKHUHVWRIWKHFLW\FHQWUHEXWWKHJURXQGVXUIDFHLQLWVODUJHVWSDUWLVVORSLQJ7KLV
UHVXOWVLQTXLFNFRQFHQWUDWLRQRIUDLQZDWHUDWORZHUSRLQWVZLWKVPDOOVORSHVXFKDV$JLRX'LPLWULRX6WUHHWZKLFK
VHSDUDWHV6DUDQWD(NNOLVLHVIURPWKHFDPSXVRI$ULVWRWOH8QLYHUVLW\RI7KHVVDORQLNL$87KDQGDPDMRUKRVSLWDO
0RUHRYHULQOHWVWRWKHVHZHUV\VWHPDUHLQDGHTXDWHDQGUDLQUXQRIIWDNHVSODFHPDLQO\RQWKHLPSHUPHDEOHVWUHHWDQG
VLGHZDONVXUIDFHVHYHQGXULQJUDLQHYHQWVRIPHGLXPLQWHQVLW\)RUWKHVHUHDVRQVFRQVWUXFWLRQRIUDLQJDUGHQVFRXOG
EHYHU\EHQHILFLDODVLQGLFDWHGLQ>@DQG>@
$YDLODEOHVHZHUQHWZRUNLQWKHVWXG\DUHDLVVKRZQLQWKHPDSRI)LJXUHSURYLGHGE\7KHVVDORQLNL:DWHU6XSSO\
	6HZHUDJH&R6$(<$7+6$,WFRQVLVWVERWKRIVHSDUDWHUDLQZDWHUFROOHFWLRQDQGRIPL[HGIORZVHZHUSLSHV
GHSLFWHGZLWKEOXHDQGJUHHQFRORU UHVSHFWLYHO\7KHZRUVWSUREOHPRI UDLQZDWHUSRQGLQJDSSHDUVDORQJ$JLRX
'LPLWULRX6WUHHW7KHSUREOHPWKHUHLVDJJUDYDWHGE\KHDY\FDUWUDIILFDQGKLJKSHGHVWULDQIORZ7KHSKRWRRI)LJXUH
ZKLFK LV WDNHQGXULQJDVKRUWEXW UDWKHU LQWHQVHUDLQHYHQW LVTXLWH LQGLFDWLYH2XUDLP WKRXJK LV WRPLWLJDWH
QXLVDQFHGXHWRUDLQHYHQWVLQDOORIWKHVWXG\DUHDE\PHDQVRIUDLQJDUGHQV

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
)LJ7KHDUHDRILQWHUHVW6DUDQWD(NNOLVLHV7KHVVDORQLNL*UHHFHEDVHGRQ*RRJOHPDSV
6HOHFWLRQRIVLWHVWKDWDUHVXLWDEOHIRUUDLQJDUGHQFRQVWUXFWLRQLVDFKDOOHQJLQJWDVNLQGHQVHO\EXLOWDUHDV2XU
DSSURDFKKDVEHHQEDVHGERWKRQPDSLQVSHFWLRQDQGRQILHOGVXUYH\GXULQJUDLQHYHQWV6HOHFWLRQFULWHULDLQFOXGHG
D([SHFWHGHIILFLHQF\ZLWKUHJDUGWRFXUUHQWUDLQUXQRIISUREOHPVWKHORFDOFDUWUDIILFDQGWKHSHGHVWULDQIORZV
)RULQVWDQFHSULRULW\ZDVJLYHQWRWKHDUHDQH[WWR$JLRX'LPLWULRX6WUHHWDQGWRWKHYLFLQLW\RIWKHODUJHVWXGHQW
GRUPLWRULHVZKLFKDUHWKHKLJKHVWEXLOGLQJVRIWKHVWXG\DUHD
E/DQGRZQHUVKLS:HKDYHUHVWULFWHGRXUVHOHFWLRQWRSXEOLFDQGPXQLFLSDOSORWVRQO\
F7KHUHODWLYHORFDWLRQRIWKHVHOHFWHGVLWHVDQGWKHLUGLVWULEXWLRQRYHUWKHVWXG\DUHD
G2EVHUYDQFHRIWKHUHTXLUHGVPDOOHVWGLVWDQFHEHWZHHQUDLQJDUGHQVDQGDGMDFHQWEXLOGLQJV
H$QWLFLSDWHGFRVWRIUHTXLUHGLQIORZVWUXFWXUHV
7KHVHOHFWHGUDLQJDUGHQVLWHVZKLFKDUHPDUNHGZLWKUHGFRORXURQWKHPDSRI)LJXUHDUHWKHIROORZLQJ
/RFDWLRQ. $JLRX'LPLWULRX6WUHHW7KLV VLWH LV DSDUN ORFDWHGDORQJ$JLRX'LPLWULRX6WUHHWSUDFWLFDOO\
DWWDFKHGWRWKHDIRUHPHQWLRQHGSUREOHPDWLFDUHD2QHRILWVFRUQHUVLVVKRZQLQWKHSKRWRRI)LJXUH6WUHHWVDURXQG
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WKHSDUNDUHWUDQVIRUPHGWRVKDOORZVWUHDPVGXULQJLQWHQVHUDLQHYHQWVDQGWKHVHZHUV\VWHPIDLOVDWOHDVWORFDOO\7KH
SURSRVHGUDLQJDUGHQ¶VDUHDLVHTXDOWRP


)LJ0DSRIWKHVWXG\DUHDLQFOXGLQJVHZHUQHWZRUNSURYLGHGE\(<$7+6$

)LJ-XQFWLRQRI$JLRX'LPLWULRXDQG6W.\ULDNLGL6WUHHWVGXULQJDVKRUWLQWHQVHUDLQHYHQW
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/RFDWLRQ.DWWKHMXQFWLRQRI5DLGHVWRXDQG$QDNWRULRX6WUHHWV7KLVVLWHLVDVPDOOSDUNQH[WWRDVWUHHWZLWK
ODUJHVORSHZKLFKWUDQVIHUVFRQVLGHUDEOHDPRXQWVRIUDLQZDWHUGXULQJUDLQHYHQWV7KHSURSRVHGUDLQJDUGHQ¶VDUHDLV
HTXDOWRP
/RFDWLRQV..DQG.DURXQGWKH$DQG&6WXGHQW'RUPLWRULHV7KHVHVLWHVDUHSDUNVVXUURXQGLQJWKH$
DQG&6WXGHQW'RUPLWRULHV.LVORFDWHGQH[WWRWKHHQWUDQFHRIWKH'RUPLWRU\&.QH[WWRWKHHQWUDQFHRI
'RUPLWRU\$DQG.LVFORVHWRLWVHDVWHUQVLGHDORQJDVWUHHWZLWKODUJHVORSH7KHSURSRVHGUDLQJDUGHQV¶DUHDLV
HTXDOWRPPDQGPUHVSHFWLYHO\
&DOFXODWLRQVDQGUHVXOWV
2XUVWXG\WDNHVLQWRDFFRXQWD\HDUUHWXUQSHULRGQDPHO\WKHZRUVWUDLQHYHQWWKDWLVOLNHO\WRKDSSHQHYHU\
\HDUV,QRUGHUWRFDOFXODWHWKHUDLQUXQRIITXDQWLWLHVWKHGLDJUDPRI)LJXUHJLYHQLQ>@ZDVXVHG7KH[D[LVRI
WKHGLDJUDPLQGLFDWHVWKHGXUDWLRQRIWKHUDLQIDOOZKLOHWKH\D[LVVKRZVLWVLQWHQVLW\7KHGLIIHUHQWFXUYHVUHSUHVHQW
WKHZRUVWUDLQIDOOOLNHO\WRKDSSHQRQFHHYHU\DQG\HDUV
)LUVWZHFKHFNHGZKHWKHUWKHWZRVHZHUSLSHVRI$JLRX'LPLWULRX6WUHHWFDQFDUU\WKHUDLQUXQRIIRIWKHDUHDWKDW
LVVHUYHGE\HDFKRIWKHP7KHLUORQJLWXGLQDOVORSHVDUHHTXDOWR,$ DQG,% ZKLOHWKHLUGLDPHWHUVDUH
HTXDOWR'$ PPDQG'% PPUHVSHFWLYHO\
'XHWRODUJHVWUHHWVORSHVUXQRIIFRQFHQWUDWLRQLVRIWKHRUGHURIIHZPLQXWHVRQO\)URPWKHGLDJUDPRI)LJXUH
WKHUDLQLQWHQVLW\LLVHTXDOWRPPKRXUIRUGXUDWLRQHTXDOWRPLQXWHV7KHDUHDVWKDWDUHVXSSRVHGWREHGUDLQHG
E\SLSHV$DQG%DUHHTXDOWRPDQGPUHVSHFWLYHO\7KHQLIWKHUXQRIIZHUHFRPSOHWHO\FROOHFWHGE\
WKHVHZHUV\VWHPWKHIORZUDWHVWKDWVKRXOGEHFDUULHGE\WKHSLSHVZRXOGEHHTXDOWRPVDQGPV
UHVSHFWLYHO\
7KHPD[LPXPIORZUDWH4PD[WKDWFDQEHFDUULHGE\DFLUFXODUSLSHXQGHUIUHHVXUIDFHIORZFRQGLWLRQVLVDFKLHYHG
ZKHQWKHIORZGHSWKLVHTXDOWR'ZKHUH'LVWKHSLSH¶VLQQHUGLDPHWHU7RFDOFXODWHLWZHXVHGWKH0DQQLQJ¶V
IRUPXODQDPHO\

K ,5$Q
4  
ZKHUHQLVWKH0DQQLQJ¶VFRHIILFLHQW$LVWKHSLSH¶VFURVVVHFWLRQDQG5KWKHK\GUDXOLFUDGLXV,WUHVXOWVLQ


)LJ0DSRIWKHVWXG\DUHDVKRZLQJWKHVHOHFWHGUDLQJDUGHQVLWHVEDVHGRQ(<$7+PDS
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
)LJ5DLQFXUYHVIRU7KHVVDORQLNLDUHDIRUGLIIHUHQWUHWXUQSHULRGVȉ>@
4PD[$ PVDQG4PD[% PV

7KHUHVXOWVVKRZWKDWSLSH$LVVXIILFLHQWEXWSLSH%LVDEOHWRFDUU\DSRUWLRQRIWKHUDLQUXQRIIRQO\7KHQUDLQ
JDUGHQVVKRXOGDOOHYLDWHPDLQO\WKHEXUGHQRISLSH%7KHFKRLFHRIUDLQJDUGHQVLWHVWDNHVLQWRDFFRXQWWKLVFULWHULRQ
WRR
7RFDOFXODWHWKHYROXPHRIUDLQUXQRIIWKDWFDQEHUHWDLQHGE\WKHSURSRVHGUDLQJDUGHQVZHWDNHLQWRDFFRXQWD
W\SLFDO FURVVVHFWLRQ DV VKRZQ LQ )LJXUH  ,Q WKLV FDVH WKH VWRUDJH FDSDFLW\ RI WKH UDLQ JDUGHQ GHSHQGV RQ WKH
IROORZLQJWHUPVDWKHHIIHFWLYHSRURVLW\RIWKHJUDYHOOD\HUEWKHHIIHFWLYHSRURVLW\RIVRLOOD\HUDQGFWKHGLIIHUHQFH
EHWZHHQWKHXSSHUOHYHORIUDLQJDUGHQ¶VEHUPRUWKDWRIWKHVXUIDFHRILQIORZLQJZDWHUDQGWKHOHYHORIVRLOVXUIDFH
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